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MANIFESTO
I believe landscape architecture is a field of discussing harmonious
coexistence between human and nature.
Landscape architecture is constantly exploring its ecological and
environmental significance. There are a number of landscape projects
that treat landscape as infrastructure to protect water quality, mitigate
urban waterlogging, and restore ecosystems.
However, it has been more than 300 years since the Industrial Revolution
accelerated the development of urban fabric, and the amount of carbon
dioxide in the atmosphere has been building up along the way. The
constant deforestation is already seriously affecting the proportion of
forest land on the planet, leading to an irreversible increase in the
amount of carbon dioxide and a continuing rise in global temperatures.
I have a strong sense that it is time to rethink the structure of cities
and integrate them with as much biomass as possible. It would be
appropriate to think about superimposing the urban layer with the
natural layer rather than simply replacing it.
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Since the industrial revolution, with the expansion of cities, the global
climate problem has become increasingly serious. The world is paying
more and more attention to carbon emissions, and many landscape
projects also take emission reduction and carbon sequestration as
concepts. But there seems to be a lack of quantitative research in
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the field of landscape architecture. According to the global goal of
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net-zero by 2050 and emission reduction plan of Providence, RI, this
project started with calculating how much carbon dioxide needed to
be removed by biomass in order to achieve net-zero. It puts forward
the requirement for urban reforestation in the city. As considering the
calculation results and potentials of Providence, this thesis explores the

Theory of Organic
Decentralization

variations of urban structure in the scenario of negative carbon growth
happening.
The project further focuses on a site where the saline water and fresh
water of the Woonasquatucket River meet. The purpose is to explore

Decentralization
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how to establish different plant communities according to different
High

High

conditions of topography, soil, salinity, and flooding in order to maximize
the capacity of biomass for carbon dioxide removal in the reforestation
network. At the same time, the integration of reforestation with the
urban history, urban life and urban future is considered.
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Introduction
With the continuous expansion of urban land, a series of environ-

what role can landscape play in the global effort to reduce carbon

mental problems appear in cities, among which the greenhouse

emissions and mitigate global warming?

effect is the most serious. A series of extreme climates caused by
the rising temperature has seriously hindered the sustainable devel-

—— “The race to zero emissions, and why the world depends on it”

opment of cities and posed a serious threat to human safety. The
earth is now 1.1°C warmer than it was at the start of the industrial
revolution(1760), which is a result from the carbon emission. The
carbon emission leads to environmental issues such as rising global
temperature, glacier and snow melt, sea level rise, droughts and
floods, climate change impacts. A large number of studies show that
global warming will also threaten the survival of flora and faWuna
and seriously destroy the balance of the ecosystem. Climate change
has become one of the most serious challenges in global sustainable development.
In order to mitigate the negative impact of climate change on the
world, the 2015 Paris Agreement on climate change stipulated,
“Holding the increase in the global average temperature to well
below 2°C above pre-industrial levels and pursuing efforts to limit
the temperature increase to 1.5°C above pre-industrial levels, recognizing that this would significantly reduce the risks and impacts of
climate change;”
—— PARIS AGREEMENT 2015_Article 2_1._(a)
But we are not yet on track to achieve these agreed goals. 20102019 was the warmest decade on record. On current trends in
carbon dioxide emissions, global temperatures are expected to rise
between 3 and 5 degrees Celsius by the end of the century.
According to research, 80% of greenhouse gas emissions come from
urban areas. As a profession associated with green infrastructure,
https://ukinvestormagazine.co.uk/uk-government-emissions-2050/
1

Negative Carbon Growth in the Atmosphere
Tons per Capita
<1
1-5
5-9
9-15
>15

Carbon Emission Status
The GHG emission leads to environmental issues such as rising
global temperature, glacier and snow melt, sea level rise, droughts
and floods, climate change impacts. A large number of studies show
that global warming will not only threaten human safety but also the
balance of the ecosystem.

CO2 Emissions Per Capita 2016
The cartogram displays each country of the world resized by their
total fossil CO2 emissions (excluding effects of deforestation which
accounts for 11 per cent of these emissions). Overlaid are the
relative emissions in tons per capita in 2016.a

[a] Unchanging politics of climate change. (2020, February 07). Retrieved March 23, 2021, from https://
worldmapper.org/unchanging-politics-of-climate-change/
2
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Timeline of GHG Emissions
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Lexicon

Greenhouse Gases (GHG)a

Urban Reforestation

Built-up Area

Greenhouse gases usually include not only CO2, but also CH4,

It refers to the intentional practice of planting trees to a certain

It refers to the land that has the character of a city, town and coun-

N2O, and Fluorinated gases.

scale in built-up areas to form forests.

try.

GHG Emissions

Net Zero

Grazing Land

The calculation of GHG emissions usually converts other green-

It refers to the intentional practice of planting trees to a certain

It refers to pasture that is covered with grass or herbage and used

house gases into CO2 equivalents. Therefore, CO2e will be the unit

scale in built-up areas to form forests.

for grazing by livestock like cattle, horse, and sheep.

used for the description of GHG Emission quantity in the following
content.

Carbon Dioxide Removal (CDR) / Carbon Sequestration

Cropland

CDR or Carbon Sequestration, is the process of capturing carbon

It refers to the land that is used for the production of harvesting

dioxide (CO2) from the atmosphere and locking it away for decades

crops. Two subcategories of cropland are recognized: cultivated

or centuries in plants, soils, oceans, geological features, or long-

and non-cultivated. Cultivated cropland comprises land in row

lived products like cement.

crops or close-grown crops and also other cultivated cropland.

b

Non-cultivated cropland includes permanent hay land and
horticultural cropland.c
[a] Levin, K. (2020, January 27). How effective is land at removing carbon pollution? The ipcc weighs in. Retrieved March 06, 2021, from https://www.wri.org/blog/2019/08/how-effective-land-removing-carbon-pollution-ipcc-weighs
[b] Carbon sequestration. (2021, March 18). Retrieved March 22, 2021, from https://en.wikipedia.org/wiki/Carbon_sequestration
[c] Cropland. (n.d.). Retrieved March 22, 2021, from https://www.merriam-webster.com/dictionary/cropland#:~:text=%3A%20land%20that%20is%20suited%20to%20or%20used%20for%20crops
6
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Chapter 1: The Required Reforestation Amount
After understanding the current environmental issues caused by
GHG emissions, this chapter will describe the history of GHG emissions and the current potential CDR approaches, as well as the
remaining responsibility of CDR after achieving net zero by 2050.
To achieve negative carbon growth in the atmosphere by 2050,
the amount of additional reforested land required to balance the
remaining GHG emissions within a state will be determined by
scientific calculation. Through this chapter, the research perspective will be narrowed down from global GHG emissions to state
GHG Emissions. And in the following chapters, the research will be
centered on Rhode Island.

https://theconversation.com/cant-we-just-remove-carbon-dioxide-from-the-air-to-fix-climate-change-not-yet-45621
8
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Forest CDR (2001-2019)
Forests have the capability to remove carbon dioxide from the
atmosphere and store it in trunks and branches via photosynthesis.
The cartogram represents the cumulative carbon captured by the
growth of established and newly regrowing forests during the
model period between 2001-2019.a
[a] Vizzuality. (n.d.). Interactive world FOREST map &amp; tree cover Change Data: GFW. Retrieved March
29, 2021, from https://www.globalforestwatch.org/map/?map=eyJjZW50ZXIiOnsibGF0Ijo3My4yNzczNTcyNzE4MjkzNSwibG5nIjoxNTQuMzYwMzQ2ODc2MzM3Mjd9LCJsYWJlbHMiOmZhbHNlLCJkYXRhc2V0cyI6W3
sibGF5ZXJzIjpbInBvbGl0aWNhbC1ib3VuZGFyaWVzIiwiZGlzcHV0ZWQtcG9saXRpY2FsLWJvdW5kYXJpZXMiXSwiZGF0YXNldCI6InBvbGl0aWNhbC1ib3VuZGFyaWVzIiwib3BhY2l0eSI6MSwidmlzaWJpbGl0eSI6dHJ1ZX0seyJkYXRhc2V0IjoiY2FyYm9uLXJlbW92YWxzIiwib3BhY2l0eSI6MSwidmlzaWJpbGl0eSI6dHJ1ZSwibGF5ZXJzIjpbImNhcmJvbi1yZW1vdmFscy0yMDAxLTIwMTkiXX1dfQ%3D%3D&amp;mapMenu=eyJkYXRhc2V0Q2F0ZWdvcnkiOiJjbGltYXRl
In0%3D
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CDR Capacity of Trees

The Amount of CDR

Forests

Area

The Capacity of CDR

Urban Tree Fields

Forests help to improve our air quality. Heat from the earth is

of carbon annually. Young trees absorb CO2 at a rate of 13 pounds

Carbon storage and sequestration by urban trees in the United

¼ 597 million and 690 million tonnes) and annual sequestration is

trapped in the atmosphere due to high levels of carbon dioxide

per tree each year. Trees reach their most productive stage of

States was quantified to assess the magnitude and role of urban

estimated at 25.6 million tonnes ($2.0 billion value; 95% CI ¼ 23.7

(CO2) and other heat-trapping gases that prohibit it from releasing

carbon storage at about 10 years at which point they are estimated

forests in relation to climate change. Urban tree field data from

million to 27.4 million tonnes).b

the heat into space. This creates a phenomenon known today as the

to absorb 48 pounds of CO2 per year.a A tree absorbs an average

28 cities and 6 states were used to determine the average carbon

“greenhouse effect.” Therefore, trees help by removing (sequester-

30.5 pounds CO2 each year. Thus one square kilometer of forest can

density per unit of tree cover. These data were applied to statewide

ing) CO2 from the atmosphere during photosynthesis to form carbo-

remove 1314.86 metric tons of CO2 each year.

urban tree cover measurements to determine total urban forest

hydrates that are used in plant structure/function and return oxygen

carbon storage and annual sequestration by state and nationally.

back into the atmosphere as a byproduct. Roughly half of the green-

Urban whole tree carbon storage densities average 7.69 kg C m-2

house effect is caused by CO2. Therefore, trees act as carbon sinks,
alleviating the greenhouse effect.
On average, one acre of new forest can sequester about 2.5 tons

2.5 tCO2e * 30.5 / 13 * 0.9072

1 acre

1314.86 mtCO2e * km-2 * year -1

of tree cover and sequestration densities average 0.28 kg C m-2 of
tree cover per year. Total tree carbon storage in U.S. urban areas (c.
2005) is estimated at 643 million tonnes ($50.5 billion value; 95% CI

1026.67 mtCO2e * km-2 * year -1

[a] Trees improve our air quality. (n.d.). Retrieved March 29, 2021, from http://urbanforestrynetwork.org/benefits/air%20quality.htm
[b] Nowak, D. J., Greenfield, E. J., Hoehn, R. E., &amp; Lapoint, E. (2013). Carbon storage and sequestration by trees in urban and community areas of the United States. Environmental Pollution, 178, 229-236. doi:10.1016/j.envpol.2013.03.019
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Trees are especially good at storing carbon

Building soil carbon is good for farmlands,

Bio-energy is the process of using bio-

It is the process of chemically scrubbing

Some minerals naturally react with CO2,

The approaches include leveraging pho-

by photosynthesis. Restoring and managing

as it can increase crop yields. The approach-

mass for energy production, capturing

carbon dioxide directly from the ambient air,

integrating with carbon. But it naturally

tosynthesis in coastal plants, seaweed or

forests can encourage more carbon uptake,

es include planting cover crops throughout

its emissions before they are released to

and then storing it either underground or in

happens very slowly. Scientists are trying

phytoplankton; adding certain minerals to

converting CO2 into carbon stored in wood

the year to extend photosynthesis, using

the atmosphere, and then storing it either

long-lived products. This new technology

to speed up this process by enhancing the

increase storage of dissolved bicarbonate;

and soils. One major challenge is ensuring

compost to store its carbon content in the

underground or in long-lived products like

removes excess carbon directly from the at-

exposure of these minerals to CO2. The ap-

or running an electric current through sea-

that forest expansion doesn’t come at the

soil. Scientists are also developing crops

concrete. However, if bio-energy relies on

mosphere. Its potential scale of deployment

proaches include pumping alkaline spring

water to help extract CO2. However, nearly

expense of forests somewhere else.

with deeper roots, making them more resis-

crops, it could displace food production or

is enormous. But the technology remains

water to the surface; moving air through the

all of them are at early stages of develop-

tant while depositing more carbon.

natural ecosystems, erasing climate ben-

costly and energy-intensive, which largely

rocks left over from mining operations with

ment and need more research.b

efits and exacerbating food insecurity and

limits its application.

the right mineral composition; crushing or

b

b

ecosystem loss.

b

b

developing enzymes that chew up mineral
deposits to increase their surface area.b

[a] Levin, K. (2020, January 27). How effective is land at removing carbon pollution? The ipcc weighs in. Retrieved March 06, 2021, from https://www.wri.org/blog/2019/08/how-effective-land-removing-carbon-pollution-ipcc-weighs
[b] Mulligan, J., Ellison, G., Levin, K., Lebling, K., &amp; Rudee, A. (2021, March 04). 6 ways to remove carbon pollution from the sky. Retrieved March 06, 2021, from https://www.wri.org/blog/2020/06/6-ways-remove-carbon-pollution-sky
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Effects of Specific Actions

The Amount of CDR

Area

The Capacity of CDR

Temperate Forest Restoration

Tree Plantations (on Degraded Land)

Abandoned Farmland Restoration

Perennial Biomass Production

“The world’s 1.9 billion acres of temperate forests are a net-carbon

“Creating new forests where there were none before is the aim of

“There are an estimated 950 million to 1.1 billion acres of deserted

“Perennial biomass production provides the feedstock for biomass

sink. According to the World Resources Institute, more than 1.4

afforestation. Degraded pasture and agricultural lands, or other

farmland around the world—acreage once used for crops or pasture

energy generation, making those emissions reductions possible.

billion additional acres are candidates for restoration—either large-

lands corrupted from uses such as mining, are ripe for strategic

that has not been restored as forest or converted to development.

Cultivated appropriately, they can reduce emissions by 85 percent

scale, closed forest or mixed mosaics of forests, more sparsely grow-

planting of trees and perennial biomass. It creates a carbon sink,

This land offers an opportunity to improve food security, farmers’

compared to corn ethanol. Replacing annuals with perennials also

ing trees, and land uses such as agriculture. With restoration comes

drawing in and holding on to carbon and distributing it into the soil.

livelihoods, ecosystem health, and carbon drawdown simultane-

raises carbon sequestration in soil.

additional carbon sequestration.

As of 2018, 294.1 million hectares of land were used for tree planta-

ously.

They also can generate their own climate impact of 4-7gigatons

We project that temperate forest restoration will expand to an ad-

tions on degraded land. Establishing tree plantations on an ad-

We estimate that by 2050 189-296 million hectares could be re-

of carbon dioxide by 2050, as they replace annual feedstocks and

ditional 92-128 million hectares through protecting currently de-

ditional 112-174 million hectares of marginal lands can sequester

stored and converted to regenerative annual cropping, or other

sequester more soil carbon. Our analysis assumes a rise from 0.27

graded land and allowing natural regrowth to occur. It sequesters

22.2-35.9 gigatons of carbon dioxide by 2050.”

productive, carbon-friendly farming systems, for a combined emis-

million hectares currently to 106-190million hectares by 2050.”d

b

19.4-27.9 gigatons of carbon dioxide by 2050.”a

19.4-27.9 GtCO2e (30 years)

92-128 mha

703.62-725.26 mtCO2e * km-2 * year -1

sions impact of 12.5-20.3 gigatons of carbon dioxide.”c

22.2-35.9 GtCO2e (30 years)

112-174 mha

660.71-687.74 mtCO2e * km-2 * year -1

12.5-20.3 GtCO2e (30 years)

189-296 mha

220.11-228.83 mtCO2e * km-2 * year -1

4-7 GtCO2e (30 years)

106-190 mha

123.51-125.79 mtCO2e * km-2 * year -1

[a] Temperate forest Restoration @PROJECTDRAWDOWN #CLIMATESOLUTIONS. (2020, July 01). Retrieved March 28, 2021, from https://www.drawdown.org/solutions/temperate-forest-restoration
[b] Tree plantations (on degraded land) @projectdrawdown #climatesolutions. (2020, July 01). Retrieved March 28, 2021, from https://www.drawdown.org/solutions/tree-plantations-on-degraded-land
[c] Abandoned farmland restoration @projectdrawdown #climatesolutions. (2020, June 28). Retrieved March 28, 2021, from https://www.drawdown.org/solutions/abandoned-farmland-restoration
[d] Perennial biomass PRODUCTION @PROJECTDRAWDOWN #CLIMATESOLUTIONS. (2020, March 01). Retrieved March 28, 2021, from https://www.drawdown.org/solutions/perennial-biomass-production
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Effects of Specific Actions

The Amount of CDR

Area

The Capacity of CDR

Tree Intercropping

Multistrata Agroforestry

Silvopasture

Managed Grazing

“Tree intercropping—intermingling trees and crops—increases the

“Blending an overstory of taller trees and an understory of one

“Silvopasture is an ancient practice that integrates trees and pas-

“Managed grazing improves soil health, carbon sequestration, water

carbon content of the soil and productivity of the land. (1) Wind-

or more layers of crops, multistrata agroforestry maximizes both

ture into a single system for raising livestock. Research suggests

retention, and forage productivity. It adjusts standard grazing prac-

breaks reduce erosion and create habitat for birds and pollinators.

horizontal and vertical space. It prevents erosion and flooding,

silvopasture far outpaces any grassland technique for counteracting

tices and decreases the number of animals per acre, moves livestock

(2) Fast-growing annuals, susceptible to being flattened by wind and

recharges groundwater, restores degraded land and soils, supports

the methane emissions of livestock and sequestering carbon under-

to fresh paddocks or pastures, shifts animals through smaller pad-

rain, can be protected. (3) Deep-rooted plants can draw up minerals

biodiversity by providing habitat and corridors between fragmented

hoof. Pastures strewn or crisscrossed with trees sequester five to ten

docks in quick succession, allowing those grazed lands to recover.

and nutrients for shallow-rooted ones. (4) Light-sensitive crops can

ecosystems, and absorbs and stores carbon.

times as much carbon as those of the same size that are treeless,

By enhancing carbon sequestration compared to standard grazing

be protected from excess sunlight.

Multistrata agroforestry can be integrated into some existing agri-

storing it in both biomass and soil.

practices, this solution can sequester 16.4-26 gigatons of carbon

Accounting for different sequestration rates across regions and in-

cultural systems; others can be converted or restored to it. If ad-

We estimate that silvopasture is currently practiced on 550million

dioxide by 2050. However, this does not reduce the 10gigatons

tercropping systems, we estimate total sequestration of 15.0-24.4gi-

opted on another 39-66 million hectares by 2050, from 100 million

hectares of land globally. If adoption expands to 720-772million

of methane that are emitted on that grazing land today. Growth in

gatons of carbon dioxide over thirty years. To achieve that impact,

hectares currently, 11.3-20.4 gigatons of carbon dioxide could be

hectares by 2050—out of the 823 million hectares theoretically suit-

adoption of managed grazing practices would need to rise from

adoption of tree intercropping would need to grow to 416-490mil-

sequestered.”

able for silvopasture—carbon dioxide emissions can be reduced by

71.6million hectares to 502.1-749.02 million hectares over thirty

26.6-42.3 gigatons.”

years.”c

b

lion hectares globally.”

a

15.0-24.4 GtCO2e (30 years)

c

416-490 mha

120.19-165.99 mtCO2e * km-2 * year -1

11.3-20.4 GtCO2e (30 years)

139-166 mha

270.98-409.64 mtCO2e * km-2 * year -1

26.6-42.3 GtCO2e (30 years)

720-772 mha

123.15-182.69 mtCO2e * km-2 * year -1

16.4-26 GtCO2e (30 years)

502.1-749.02 mha

108.88-115.71 mtCO2e * km-2 * year -1

[a] Tree intercropping @PROJECTDRAWDOWN #CLIMATESOLUTIONS. (2020, July 01). Retrieved March 28, 2021, from https://www.drawdown.org/solutions/tree-intercropping
[b] Multistrata agroforestry @PROJECTDRAWDOWN #CLIMATESOLUTIONS. (2020, March 01). Retrieved March 24, 2021, from https://www.drawdown.org/solutions/multistrata-agroforestry
[c] Silvopasture @projectdrawdown #climatesolutions. (2020, March 01). Retrieved March 28, 2021, from https://www.drawdown.org/solutions/silvopasture
[d] Managed grazing @PROJECTDRAWDOWN #CLIMATESOLUTIONS. (2020, June 29). Retrieved March 28, 2021, from https://www.drawdown.org/solutions/managed-grazing
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Estimation: In Case of Providence

CO2

Knowing the carbon sequestration capacity of forests and cropland
soils, I was curious how much woodlands would now be needed to

Providence Annual Emission in 2016:

balance the amount of GHG emitted by a city. So I take Providence,

1.7*106 tCO2e

the city where I live, as an example.
Before doing the calculation, I collected a series of relevant data. It
includes the total area, green space area and cropland area of Providence, Providence‘s Total GHG Emission in 2016, the annual carbon

Providence Total Area:

53 km2

sequestration capacity of Urban Tree Field and cropland in the US.
It is assumed that trees are planted in the green spaces of Provi-

Total GHG Emission of Providence in 2016 (credit: Acadia
Center):

1.7 * 106 mtCO2e
CO2

dence and become urban tree fields, while cropland is also the
type with carbon sequestration capability. Combined with their
corresponding carbon sequestration capacity, the annual amount

5

1km

of sequestered carbon in these lands can be calculated. Then it is

4

3

2

1

0

1km

subtracted from the total amount of GHG emissions in Providence
in 2016. The amount of additional required area of urban tree fields
can be calculated after the rest amount is divided by the carbon
sequestration capacity of urban tree fields.

Providence Green Space Area:

Urban Tree Fields Annual CDR Capacity in US:

3.1 km2

1026.67 mtCO2e * km-2

It shows that to balance Providence’s annual GHG emissions would
require 24 times more urban tree fields than the city itself. And the

CO2

scale of the city needs to be offset nearly 5 times. So it is unrealistic
to balance GHG emissions through urban tree fields alone.

The Required Area of Urban Tree Field to Sequester Providence Annual Emission
1km
1km

20

(1.7 * 106 - 3.1 * 1026.67) / 1314.86
= 1290.49 km2 = 24.35 * 53 km2

Providence Farmland Area:

Forest Annual CDR Capacity:

The Required Proportion Providence Needs to Offset

0 km2

1314.86 mtCO2e * km-2

31.18 ^ 1/2=4.93
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CDR Responsibility

Global Timeline to Reach Net-zero Emissions

After realizing that it is unrealistic to balance cities’ GHG emissions
through urban reforestation, it is necessary to know what is the
current response to emissions in order to achieve the temperature
control requirements set out in the Paris Agreement.
New research shows that to control global temperature rise below
1.5 degrees Celsius and thus mitigate the effects of climate change,
global GHG emissions need to be cut in half by 2030, and fulfill net
zero emissions by 2050.
“Net zero” refers to the balance between the amount of GHG released into the atmosphere and the amount of GHG removed from
the atmosphere. That is to say, the overall greenhouse gas flux is

The Process to Get Net-zero

zero or negative and won’t increase the total amount of GHG in the
atmosphere.
In order to make net zero come true in 2050, the responsibility for
reducing GHG from the atmosphere has been allocated. From the
chart, 80% of the current emissions can be reduced through the
transformation of energy sources, such as electricity generated by
clean energy sources like wind or solar. And the rest of it has to be
balanced by forest restoration, soil management and carbon capture
technology to remove the CO2 out of the atmosphere. Forest Restoration and soil management is an area in which landscape architecture can participate. I think it is necessary to clarify how much CDR
responsibility can be taken on by landscape architecture from now
on.

Levin, K., Fransen, T., Schumer, C., &amp; Davis, C. (2019, September 17). What Does “Net-Zero Emissions” Mean?
8 Common Questions, Answered. World Resources Institute. https://www.wri.org/insights/net-zero-ghg-emissionsquestions-answered.
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CDR Responsibility Boundary

Woodlands
Cropland
Grazing Land

After explaining the global consensus reached based on the 2015

urban areas account for 70%-80% of global carbon emissions, cities

Surface Water

Paris Agreement to limit the temperature increase to 1.5°C above

do not include woodlands, cropland and grazing land, which are

Built-up Area

pre-industrial levels and achieve net zero by 2050, as well as the

covered by vegetation and have certain carbon sequestration capac-

responsibility for CDR in the process of achieving net zero, I have

ity. Therefore, most part of existing carbon sequestration capacity

made the following statement. Being a landscape student, the fol-

cannot be included in the calculation, nor can further calculation be

lowing perspective will be narrowed down on the responsibility of

made on the additional required reforested land for balancing the

the CDR for balancing the remaining emissions through reforesta-

remaining emissions.

tion. At this point, I began to consider and determine the minimum
space unit suitable for negotiating CDR so as to divide the responsi-

Based on the above criteria for land use types with certain carbon

bility.

sequestration capacity, the scope will be enlarged on the scale of a

Land Use in Rhode Island

city. A state, in my opinion, could be the appropriate spatial and adAs we all know, there is not a physical boundary in the atmosphere.

ministrative unit to discuss the CDR responsibility. As states include

In addition, the amount of GHG in the atmosphere above differ-

diverse land use types, such as woodlands, cropland, grazing land,

ent regions varies greatly. GHG concentrations, for example, are

river systems, villages, and urban areas, the CDR responsibility is

higher over urban areas, especially industrial urban areas, than

possible to be coordinated within such scope. In the context of net

over woodlands. So it is impossible to make a certain region be

zero emissions in 2050, if each state or region could balance or tran-

responsible for the CDR from a fixed range of atmosphere. As a

scend its remaining carbon emissions via reforestation on different

result, the boundary of CDR responsibility is hard to define in terms

types of land use within its administrative area, the country and even

of removing carbon dioxide from the atmosphere.

the world would see a negative carbon growth in the atmosphere.
At that time, carbon emissions, environmental issues, and climate

But it would be feasible to draw the CDR responsibility boundary

changes may no longer be the problems that have plagued human

from the point of view of controlling the source of GHG emissions.

society and the natural ecosystem for years.

GHG Emissions in US
https://scitechdaily.com/scientistmaps-co2-emissions-for-entire-us/

New England Region

This is because the amount of GHG emissions within a region can be
summed and be determined. For example, the data of GHG emis-

After determining the state as the responsibility boundary of CDR, I

sions from a factory, a city, or even a state are all available.

will focus my perspective on RI, the state within New England where
the plant species is familiar to me, to carry out my subsequent re-

Since the previous estimation was based on Providence, RI, the

search and exploration.

initial scope is set in the scale of a city. However, I soon found that
it was still not appropriate to discuss the global CDR responsibility
within the scope of a city, being the minimum space unit. Although
24
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Rhode Island GHG Emissions Analysis
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Past Annual GHG Emissions

Upcoming GHG Emissions Reduction Target
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Chapter 2: Reforestation Methods
Given the previous findings that state carbon emissions can be
classified according to different land use types, this chapter includes the investigation of some case studies on urban reforestation and air purification. The corresponding typologies are sorted
out according to different land use types to establish the inventory
of strategy framework. In addition, this preparation process before
in-depth research on the site can benefit the perception of the site
potential.

https://gigazine.net/gsc_news/en/20170812-stefano-boeri-forest-city/
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Case Study II
Verical Forest | Stefano Boeri
Cities are the theaters where the effects of climate change are most

also a device for limiting the sprawl of cities brought about through a

visible: they contribute to 70 percent of CO2 and consume three

quest for greenery (each tower is equivalent to about 50,000 square

quarters of the global amount of natural resources. Consequently cit-

metres of single-family houses).b It is a highly intensive combination

ies have the responsibility and the opportunity to become a “funda-

of residential and ecological functions.

mental part of the solution” as well.

a

“Bringing forests into the city or designing real forest cities means,
on the one hand to fight the enemy on a common ground, and on
the other that the carbon dioxide is transformed in fertilizer to feed
plants”, Stefano Boeri says.a
The first example of Vertical Forest, built in Milan in the Porta Nuova
area, consists of two towers that are respectively 80 and 112 metres
high, housing a total of 800 trees, 15000 perennials and ground
covering plants and 5000 shrubs, providing an amount of vegetation
equivalent to 30000 square metres of woodland and undergrowth,
concentrated on 3000 square metres of urban surface.The project is

[a] Lifegate: Forest cities are the new frontier of urban forestry. (2018, October 05). Retrieved March 05, 2021, from
https://www.stefanoboeriarchitetti.net/en/press-release/lifegate-forest-cities-are-the-new-frontier-of-urban-forestry/
[b] Vertical forest. (2020, February 12). Retrieved March 05, 2021, from https://www.stefanoboeriarchitetti.net/en/
project/vertical-forest/
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Case Study III
A Breath of Fresh Air: The Delray Carbon Forest
as a Template to Address Ecologic, Social, and
Economic Inequity | Farrah Dang, University of
Virginia
The project is aimed at addressing the health problems associated
with severe air pollution in Detroit, a post-industrial city, which is
experiencing the aftershocks of intensive industrial development.a It
proposes to utilize the urban infrastructure corridor, mainly highway
next to the industrial area to grow hedgerows to create buffers and
filter the air.
Although Farrah‘s project is not closely related to carbon emissions
in the atmosphere, one of the proposals in it could be a very smart
move, which is to take the advantage of urban infrastructure corridors to filter the air. There’s plenty of air circulation and sufficient
contact with plants within such space, which could facilitate carbon
removal.

[a] A breath of fresh AIR: THE DELRAY CARBON forest as a template to ADDRESS ECOLOGIC, social, and
ECONOMIC Inequity: ASLA 2020 Student Awards. (n.d.). Retrieved March 05, 2021, from https://www.asla.
org/2020studentawards/1199.html
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Typology

Residential Land in 2020

Residential Land in 2050

Providence has a large number of residential areas. The residential

In the same block, if using high-rise residential form to replace all

area is enclosed and dotted with 2-3 storey residential buildings. The

the residential buildings with point distribution, then the residential

enclosed space in the block is usually divided by each residential

area can be greatly reduced, and the rest space can be left for urban

building into its own backyard.

reforestation.

Mixed-use Residential Land in 2050
To retain the form of enclosure, blocks can be enclosed by 2-3 storeys
buildings along the street in order to maintain the interface of the street.
The ground floor can be used as a space for commercial and service
facilities along the street.

34
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Typology

Sloped Cropland in 2020

Multistrata Agroforestry

On the slope, people deforest the area with appropriate slope for

Sloped Cropland in 2050

croplands. This is usually a disruption of the ecosystem.

The topography of the slopes can be modified to create a gentle space
which is suitable for croplands, while the steep slopes can be occupied
by woodlands.

Tree Intercropping
Flat Cropland in 2020

Flat Cropland in 2050

In general, Cropland was occupied after woodland deforestation. There

Cropland can take the advantage of the method of tree intercropping,

is a loose relationship between woodlands and croplands.

which is a system that not only strengthens the protection of cropland,
but also enhances the relationship between woodlands and croplands to
form ecosystems.

36
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Chapter 3: Urban Reforestation Network
After learning about some basic reforestation methods, this
project will focus on an actual site to explore how to achieve urban
reforestation in a specific spatial scope. The site will be chosen at
Providence, the city where I live. It is also a convenient place for
my site visit during the current epidemic. This chapter will analyze
the conditions of the site, and discuss how to achieve a certain
scale of reforestation in Providence to meet the residual carbon
emission after the completion of the emission reduction target in
2050.

https://www.re-thinkingthefuture.com/landscape-architecture/a2441-the-evolution-of-landscape-architecture/.
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Legend
Industry

>0mph

Parks

>3mph

Expressway

>7mph

Railroad

>12mph

Water

>24mph

Contour

>31mph

0mph

>38mph

Industrial Spine I

Industrial Spine II

Providence bears a lot of heights on

Later on, river power and river transporta-

topography. At the same time, the valley

tion were replaced by engines and vehicles

between these heights collects water, form-

and trains. As a result, railroads and ex-

ing rivers that converge into Narragansett

pressways are built along the industrial belt

Bay. Water flow, as an important source of

and intertwined with the rivers in the valley.

power, became the spine of early industry
before industrial revolution.

Milotlamicha. (2021, April 19). Climate providence. Retrieved April 21,
2021, from https://www.meteoblue.com/en/weather/historyclimate/climatemodelled/providence_united-states-of-america_5224151
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Legend
Vacated Property
Parks
Expressway
Railroad
Water

Three Districts

Reforestation Potentials

As cities grew, residential areas formed

Throughout the city, Providence bears a

on either side of the industrial belt, and

great amount of vacated properties left

multiple institutes emerged in residential
areas.

over from industrialization. It, together
with the existing green patches and
the open space of the transportation
infrastructure in the city, can serve as the
potentials of urban reforestation. They
have different spatial relationships with
each other. Vacated properties usually
align with industrial belt and transportation
infrastructure while green patches are away
from them.
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Principles

Urban Reeforestation Network

1.Reforesting transportation corridor & existing

2. Reforesting the space of vacated properties.

green patches.

After reviewing the overall urban
structure of Providence, I think, the
potential of urban reforestation lies in
vacated properties in the industrial belt
and transportation corridors. Therefore,
the concept of reforesting Providence’s
industrial belt over the layer of reserved
buildings is proposed. It is to create
a green infrastructure belt for the city,
absorbing carbon dioxide from the
atmosphere to balance the remaining
emissions after Providence achieves its
emission reduction target in 2050.
3. Superimposing a wind farm over the
reforestation.
44

4. Establishing affordable highrise for residential
displacement.
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Toolkits

Case Study IV
Landscape Design For Carbon Sequestration |
Deanna Lynn, University of Oregon
Landscape architects have the potential to contribute to climate
change mitigation through natural climate solutions that sequester
carbon in ecosystems. However, there is a lack of resources for landscape architects on how to design landscapes for carbon sequestration. Specifically, there do not exist any resources to guide how to

Proposal

Design Strategies

choose a planting palette for soil carbon sequestration. This project
seeks to address these gaps in knowledge by the translation and interpretation of scientific literature to create an actionable framework
for landscape architects to sequester carbon in their projects. The
framework consists of principles, strategies, and actions for design,
installation, and management of landscapes for carbon sequestration, which is very worthy of reference in the selection of plants.
A key finding is that increasing the functional diversity of plants
increases the potential carbon sequestration of the landscape by
increasing its productivity and resilience. Additionally, functional
diversity of plants supports the soil microbial ecosystem that is key to
long-term soil carbon storage. a

[a] Landscape design for carbon sequestration: Asla 2020 student awards. (n.d.). Retrieved March 05, 2021, from
https://www.asla.org/2020studentawards/1313.html
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The Vision of Urban Reforestation
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Residence Requirments

Chapter 4: Integrating Urban Reforestation
Since the CDR ability depends on the total biomass, that is to say,
the larger the biomass is, the more carbon can be absorbed, and
it can be transferred to the soil for long-term sequestration. So the
focus of this chapter is going to be how to grow as much biomass
as possible in the industrial belt. This topic will involve topography,
soil type, water salinity, flood areas and other site conditions, as
well as how to integrate with the reserved building as well as the
surrounding built-up areas.

https://www.pca-stream.com/en/articles/peri-urban-land-stakes-28.
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The Involved Aspects
I-PURPOSE

II-MEDIUM

III-SPATIAL POTENTIALS

IV-ISUUES

V-STRATEGIES

VI-OUTCOMES

River Valley

Flooding

Erosion Control

Root System

1. Plant species with deep root

1. Evergreen trees with buffer function

Transportation

Segregation

Connections

2. Shady deciduous tree

Pedestrians + Bike Paths

1. Non-flammable plant species around camping sites

Carbon
Sequestration

Urban
Reforestation

Park Patches

Public Engagement

Activities

Linear Park System

Plant Species

2. Plant species with habitat function
3. Plant species with landscape value

1. Pollution tolerant plant species

Brownfields

Soil Contamination

Soil Remediation

Biomass + Root Volume

2. Fast-growing pioneer species
3. Plant species with deep and spreading root
4. Plant communities with the most biomass

1. Fast-growing pioneer species

Job Loss
Industrial Belt

Factory Reuse

Forestry Care, Harvest

2. Long live trees

Factory Legacy
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Native Plant Species Characteristic
SPECIES
TYPE

COMMON NAME

Red Maple
Eastern White Pine
Scarlet Oak
White Oak
Black Oak
Northern Red Oak
Yellow Birch
European Larch
Black Gum (Tupelo)
Black Cherry
Pitch Pine
Scrub Oak
Chestnut Oak
Swamp White Oak
Black Birch
Tree
Gray Birch
Eastern White Cedar
Red Cedar
Speckled Alder
Hazel (Smooth) Alder
Pignut Hickory
American Chestnut
Flowering Dogwood
American Beech
White Ash
Atlantic-white Cedar
Black Walnut
Largetooth Poplar
Quaking Aspen
Eastern Hemlock
American Elm
Norway Spruce

from wet soil conditions,
to poor dry soils

PHYSICAL
SCIENTIFIC NAME

WOOD TYPE

FOLIAGE TYPE

LIFE STRATEGY

VERTICALITY

Acer rubrum

hardwood

deciduous

tolerator with pioneer
species attributes

overstorey

HEIGHT

DIAMETER

ROOT DEPTH

TREE SIZE

GROWTH RATE

LONGEVITY

SHADE
TOLERANCE

20’-40’ (100’)

35’-45’

1’-1.5’, spreading

large

moderate

80-100 years (200 years)

shade tolerant

moderately shade
200-250 years (400 years)
tolerant

Pinus strobus

softwood

evergreen

tolerator

overstorey

80’-110’ (200’-220’)

20’-40’

3’, spreading

large

moderate, fast

Quercus coccinea

hardwood

deciduous

competitor

overstorey

40’-50’ (80’)

40’-75’

deep

large

moderate

Quercus alba

hardwood

deciduous

competitor

overstorey

60’-80’ (150’)

100’

deep

large

slow

Quercus velutina

hardwood

deciduous

competitor

overstorey

70’-80’ (100’)

40’-70’

deep

large

moderate

Quercus rubra

hardwood

deciduous

competitor

overstorey

70’-80’ (150’)

60’-75’

1.5’-2’, spreading

large

moderate

Betula alleghaniensis

hardwood

deciduous

pioneer

overstorey

70’-80’ (100’)

60’-75’

5’

large

moderate, fast

Larix decidua

hardwood

deciduous

pioneer

overstorey

70’-75’

25’-30’

1.5’, spreading

large

moderate, fast

50-60 years (100 years)

shade intolerant

Nyssa sylvatica

hardwood

deciduous

tolerator

overstorey

40’-60’ (125’)

20’-30’

deep

medium
-large

slow

650 years

shade tolerant

Prunus serotina

hardwood

deciduous

pioneer

overstorey

60’-80’ (100’)

20’-30’

1’ (shallow)

large

fast

100 years (250 years)

shade intolerant

Pinus rigida

softwood

evergreen

pioneer

overstorey

40’-60’ (70’)

15’-25’

10’

small
-medium

moderate

over 200 years

shade intolerant

Quercus ilicifolia

hardwood

evergreen

pioneer

understorey, shrub

3’-9’ (18’)

15’

1.5’-3’ (deep)

small

slow

20-30 years

shade intolerant

Quercus montana

hardwood

deciduous

overstorey

60’-70’ (100’)

60’-70’

3’ (deep)

large

slow

300-400 years

Quercus bicolor

hardwood

deciduous

competitor

overstorey

60’-70’ (100’)

50’-60’

1’-1.5’ (25’)

large

moderate

over 300 years

Betula lenta

hardwood

deciduous

pioneer

overstorey

50’-70’ (80’)

35’-45’

4’’-8’’ (shallow)

large

moderate

250 years

Betula populifolia

hardwood

deciduous

pioneer

overstorey

20’-30’ (40’)

10’-20’

4’’-8’’ (shallow)

small
-medium

moderate

20 years

Thuja occidentalis

softwood

evergreen

pioneer

overstorey, shrub

40’-50’ (125’)

10’-15’

1.5’-2’

small-large

moderate, fast

50-150 years

120 years

moderately shade
tolerant
moderately shade
100 years
tolerant
moderately shade
500 years
tolerant
moderately shade
150-250 years (300 years)
tolerant
500-600 years

Juniperus virginiana

softwood

evergreen

pioneer, tolerator

overstorey, shrub

40’-50’ (62’)

8’-20’

25’

small-large

moderate

70-80 years (1500 years)

Alnus incana

hardwood

deciduous

pioneer

understorey, shrub

15’-25’

15’-25’

shallow

small

moderate, fast

60 to 100 years

Alnus serrulata

hardwood

deciduous

pioneer

understorey, shrub

6’-12’ (25’)

8’-15’

shallow

small

fast

60 to 100 years

Carya glabra

hardwood

deciduous

tolerator

overstorey

80’-90’ (120’)

25’-35’

Castanea dentata

hardwood

deciduous

competitor

overstorey

60’-80’ (100’)

50’-75’

large

slow

200 years

deep

large

moderate, fast

250-300 years

shallow

small
-medium

Cornus florida

hardwood

deciduous

tolerator

understorey

10’-40’

20’

Fagus grandifo

hardwood

deciduous

tolerator

overstorey

60’-80’ (120’)

50’-70’

5’ (deep)

Fraxinus americana

hardwood

deciduous

pioneer

overstorey

70’-80’ (100’)

50’-80’

1’-1.5’ (shallow)

slow

80 years

large

slow

200-300 years (400 years)

large

moderate

200 years

Chamaecyparis thyoides

softwood

evergreen

pioneer

overstorey, shrub

40’-60’

10’-20’

shallow

large

moderate

200 years

Juglans nigra

hardwood

deciduous

pioneer

overstorey

70’-100’ (150’)

30’-50’

3’-7’

large

slow

over 250 years

Populus grandidentata

hardwood

deciduous

pioneer

overstorey

30’-40’ (80’)

8’-10’

shallow, spreading

medium

fast

60-70 years (100 years)

Populus tremuloides

hardwood

deciduous

pioneer

overstorey

20’-50’ (75’)

20’-30’

1’ (shallow)

medium

moderate, fast

50-60 years (150 years)

Tsuga canadensis

softwood

evergreen

tolerator

overstorey, shrub

60’-70’ (100’)

25’-35’

shallow

large

slow, moderate

250-300 years (800 years)

Ulmus americana

hardwood

deciduous

competitor

overstorey

80’-100’ (125’)

60’-100’

3’-4’ (deep)

large

fast

175-200 years (300 years)

Picea abies

softwood

evergreen

pioneer, competitor

overstorey, shrub

60’-90’

25’-30’

moderate, fast

over 100 years

shallow, spreading small-large

shade intolerant

SOIL TEXTURE

SOIL DRAINAGE

sandy, loamy, silty poorly drained soil
to well-drained soil
loam, clay
poorly drained soil
sandy, loamy
to well-drained soil
moist, well-drained
sandy, loamy
soil
moist, well-drained
sandy, loamy
soil
dry, well-drained
sandy, loamy, clay
soil
poorly drained soil
sandy, loamy, clay
to well-drained soil
poorly drained soil
sandy, loamy
to well-drained soil
sandy, loamy, silty moist, well-drained
soil
loam
sandy, loamy, silty moist, wet, (dry)
loam
well-drained soil
sandy, loamy, silty dry, well-drained
soil
loam, clay
poorly drained soil
sandy, loamy
to well-drained soil

moist, well-drained
moderately shade
sandy, loamy, stony
soil
tolerant
moist, wet, (dry)
shade intolerant sandy, loamy, clay
well-drained soil
poorly drained soil
shade intolerant sandy, loamy, clay
to well-drained soil
poorly drained soil
poor, dry soil to
shade tolerant
to well-drained soil
wet soil
barely shade
sandy, loamy, silty moist, wet, (dry)
well-drained soil
tolerant
loam, clay
sandy, loamy, silty moist, well-drained
shade tolerant
soil
loam, clay
moist, wet, (dry)
moderately shade sandy, chalky,
well-drained soil
tolerant
rocky, mucky soils
moderately shade sandy, loamy, silty moist, wet, (dry)
well-drained soil
tolerant
loam, clay
moist, well-drained
shade tolerant
sandy, loamy
soil
moist, dry wellmoderately shade
sandy, loamy, clay
drained soil
tolerant
moist, well-drained
shade tolerant
sandy, loamy, clay
soil
sandy, loamy, silty moist, well-drained
shade tolerant
loam, clay
soil
poorly drained soil
shade intolerant
sandy, loamy
to well-drained soil
moist, wet, wellmoderately shade
sandy, peaty
drained soil
tolerant
moist, wet, wellshade intolerant sandy, loamy, clay drained soil
moist, well-drained
shade intolerant
sandy, loamy
soil
moist, wet, wellshade intolerant sandy, loamy, clay drained soil
moist, well-drained
shade tolerant
sandy, loamy
soil
moderately shade
moist, well-drained
sandy, loamy, clay
tolerant
soil
moist, well-drained
shade intolerant sandy, loamy, clay soil

SOIL PH

SALT TOLERANCE

POLLUTION
TOLERANCE

4.5-6.5

intolerant

<6.5

very intolerant

<7.2

tolerant

5.5-8.0

intolerant

<6.8

intolerant

<7.2

intolerant

4.0-8.0

tolerant

5.0-7.4

tolerant

5.0-7.4

SOIL
REMEDIATION

HARVESTRY

TRANSPLANT

intolerant

syrup, timber, medicine

well

intolerant

timber

well

moderately tolerant

timber, food

well

moderately tolerant

symbiotic relationship with fungi

intolerant

moderately tolerant moderately tolerant

5.0-6.5

tolerant

4.0-5.0

tolerant

medium

bad

timber, food

bad

timber, food

well

timber, oil

bad

timber, nurse species

well

timber

bad

timber, food

well

timber, medicine

bad

RELATED WILDLIFE
browsed by elk and white-tailed deer;
foliage: butterflies and moths
browsers, game birds, moths, small mammals,
songbirds
acorn: large songbirds, wild turkeys, grouse,
squirrels, white-tailed deer
acorn: birds, browsers and rodents, deer
foliage: bird species
acorn: game birds, game mammals, migrant
birds, small mammals
acorn: jays, wild turkeys, squirrels, small rodents, whitetail deer, raccoons, black bears
acorn: grouse, squirrels, whitetail deer, rabbit,
moose, prairie chicken
insect-eating birds, moths, seed-eating birds
fruits: game birds, songbirds, bear, grouse,
pheasant
fruits: game birds, game mammals, insect pollinators, small mammals, songbirds, deer
nest: warblers, wild turkey, woodpeckers;
seedling as food: deer, small mammals, birds

4.0-7.5
5.0-7.4

intolerant

timber, food

bad

5.0-7.4

moderately tolerant

timber

well

around 6.0

tolerant

timber, food, oil

bad

5.1-6.5

moderate

5.5-7.2

moderate

6.0-8.0

tolerant

5.1-7.8

intolerant

6.8-7.2

intolerant

moderately tolerant

enriching nitrogen
fixing bacteria

fuel, charcoal

moderate

timber, chemical, medicine

well

timber, chemical, medicine

well

chemical

well

restorer, medicine

well

6.8-7.2

intolerant

timber, fuel

bad

4.5-6.5

intolerant

timber, medicine, food

bad

5.5-7.0

intolerant

timber, chemical, medicine

bad

5.0-6.5

intolerant

timber, fuel, food

bad

5.0-7.5

tolerant

intolerant

timber, fuel

well

tolerant

timber, food, carbon sink

≤5.5

intolerant

6.8-7.2

tolerant

<6.8

intolerant

5.5-8.0

intolerant

4.2-5.7

intolerant

5.5-8.0

moderate

acid, alkaline soil

moderate

intolerant

seeds and buds: grouse
twigs: deer, moose, rabbits
seeds: grouse, songbirds
twigs: deer, hares, rabbits
seeds: red squirrels, songbirds
twigs and foliage: moose, deer, hares, rabbits
nest: sparrows, robins, juncos and warblers;
twigs and foliage: browsers, waxwings
buds: grouse
twigs: moose, deer, muskrats, rabbits
browsed by deer
nuts: woodpeckers, foxes, squirrels
twigs and foliage: deer and small mammals
nuts: quail, pigeons, squirrals, deer, bear
twigs: songbirds, game birds, skunks, deer,
rabbits, squirrels
fruits: grouse, beer, deer, foxes, rabbits, squirrels, raccoon, chipmunks
game birds, insect pollinators, mammals,
migrant birds, sapsuckers, songbirds
browsed by deer

timber, food, chemical

well

timber, paper, fuel

bad

timber, paper

bad

intolerant

timber, food

well

timber

bad

moderately tolerant

timber, paper, medicine

well

moderately tolerant

acorn: cavity-nesting birds, mammals, migrant
birds
acorn: deer, bear, turkey, ducks, and geese

nuts: woodpeckers, foxes, squirrels
twigs: deer
foliage, twig: various wildlife
foliage: snowshoe hare, deer, elk, grouse
building material: beavers
seeds, needles: grouse, squirrels;
twigs: deer, snowshoe hares, cottontail rabbits
seeds: grouse, squirrels;
twigs: deer, snowshoe hares, cottontail rabbits
birds, moths, small mammals

[a]Salt Tolerance by Tree Species. Home Page. (n.d.). https://gardening.yardener.com/Salt-Tolerance-By-Tree-Species.
[b]Trees and Plants. The Morton Arboretum. (2021, May 17). https://mortonarb.org/plant-and-protect/trees-and-plants.
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On-site Soil History

Soil Map 1978

RI Soil Paarent Material Map 2012

In 1978, the soil within the site is consist of

As can be seen from this map, the site is

Hinckley-Merrimac Soil, which originated

basically covered by “Human Transport

from outwash deposits.

Materials”, which I suppose is Udorthents
Soil. And the edge area exists “Outwash
Deposit”.

Credit: University Of Rhode Island,1978
Publisher: U.S. Department Of Agriculture
https://esdac.jrc.ec.europa.eu/content/general-soil-map-state-rhode-island
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On-site Soil Characteristic
Soil Type

Soil Profile

Soil Series

Map Label

Bigapple

BiB

Fortress

FtA

Soil Name

Hydrology
Drainage

Surface Runoff

Trees

Capacity

PH

Suitability

Limitation

6’’ dark brown gravelly sandy loam

HkA

4’’ yellowish brown gravelly sandy loam
7’’ light yellowish brown gravelly sandy loam
60’’ brownish gray very gravelly sand

rapid

Hinckley

HkC

4’’ yellowish brown gravelly sandy loam
7’’ light yellowish brown gravelly sandy loam
60’’ brownish gray very gravelly sand

HkD

MmA

very rapid

8’’ dark brown sandy loam

moderately
rapid

yellowish brown sandy loam
17’’
dark yellowish brown sandy loam
60’’ light yellowish brown gravelly sand
8’’ dark brown sandy loam

Merrimac

MmB

17’’

yellowish brown sandy loam
dark yellowish brown sandy loam

60’’ light yellowish brown gravelly sand
8’’ dark brown sandy loam

MU

17’’

yellowish brown sandy loam
dark yellowish brown sandy loam

60’’ light yellowish brown gravelly sand
5’’ dark grayish brown fine sandy loam
18’’

Paxton
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PD

brown fine sandy loam
yellowish brown fine sandy loam

light brownish gray firm fine gravelly sand
60’’ yellowish brown firm fine sandy loam
grayish brown firm fine sandy loam

rapid
moderately
rapid

droughtiness

wetland
wildlife

woodland
wildlife,
openland
wildlife

wetland
wildlife

low

extremely acid
-medium acid suited to trees

droughtiness

Northern Red Oak,
Eastern White Pine,
Sugar Maple,
European Larch

low

extremely acid
-medium acid suited to trees

droughtiness
, steep slope

Northern Red Oak,
Eastern White Pine,
Sugar Maple,
European Larch

woodland
wildlife

wetland
wildlife

moderate

extremely acid
-medium acid suited to trees

droughtiness
in summer

Northern Red Oak,
Eastern White Pine,
Sugar Maple

woodland
wildlife,
openland
wildlife

wetland
wildlife

medium

moderate

extremely acid
-medium acid suited to trees

droughtiness
in summer

Northern Red Oak,
Eastern White Pine,
Sugar Maple

woodland
wildlife,
openland
wildlife

wetland
wildlife

medium

moderate

extremely acid
-medium acid

Northern Red Oak,
Eastern White Pine,
Sugar Maple

strongly acid
-slightly acid

Northern Red Oak,
Eastern White Pine,
Sugar Maple,
European Larch,
Norway Spruce

slow

medium

slow

rapid
moderately
rapid
rapid
moderate
-moderately
rapid
slow
-very slow

Unsuitable

woodland
wildlife,
openland
wildlife

very rapid

60’’ brownish gray very gravelly sand

Suitable

low

slow

very rapid

rapid

Recomendation

extremely acid suited to trees
-medium acid

2’’ dark brown gravelly sandy loam
8’’ yellowish brown gravelly sandy loam
7’’ light yellowish brown gravelly sandy loam

Existing

Northern Red Oak,
Eastern White Pine,
Sugar Maple,
European Larch

6’’ dark brown gravelly sandy loam

rapid

Habitat

medium
-rapid

moderate
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On-site Soil Characteristic
Soil Type
Soil Series

Soil Profile

Map Label

Soil Name
1’’ black fine sandy loam

Podunk

Pp

QoC

13’’ dark yellowish brown gravelly loamy sand
light olive brown gravelly loamy sand

moderately
rapid
-rapid

60’’ dark gray very gravelly sand

very rapid

13’’

Ru

dark grayish brown fine sandy loam

60’’ gray sand
dark grayish brown sand
6’’ very dark grayish brown mucky sandy loam

Scarboro

Sb
60’’

gray loamy sand
light brownish gray coarse sand

Surface Runoff

Trees

Capacity

PH

Suitability

Limitation

Habitat
Existing

Recomendation

moderate

60’’

5’’ very dark grayish brown fine sandy loam

Rumney

Drainage
moderately
rapid
rapid

dark yellowish brown fine sandy loam
37’’
yellowish brown fine sandy loam
yellowish brown gravelly loamy coarse
sand
3’’ dark gray gravelly sandy loam

Quonset

Hydrology

moderately
rapid
rapid
-very rapid
moderately
rapid
rapid
-very rapid

slow

slow

moderate

low

Suitable

Unsuitable

suited to trees

Eastern White Pine,
White Spruce

woodland
wildlife,
openland
wildlife

wetland
wildlife

extremely acid
-strongly acid suited to trees

droughtiness

Northern Red Oak,
Eastern White Pine,
Sugar Maple

woodland
wildlife,
openland
wildlife

wetland
wildlife

Eastern White Pine,
Red Maple,
White Spruce

most types
of wildlife

strongly acid
-slightly acid

slightly acid
slow

moderate

very strongly
acid
-slightly acid

poorly suited
to trees

wetness,
flooding

slow

moderate

very strongly
acid
-medium acid

poorly suited
to trees

wetness,
flooding

Woodland
, water-tolerant shrubs

Eastern White Pine,
Red Maple,
Atlantic-white Cedar

wetland
wildlife

moderate

very strongly
acid
-medium acid

suited to trees

wetness,
Windthrow

woodland
, water-tolerant shrubs

Eastern White Pine,
Red Maple,
White Spruce,
Norway Spruce

most types
of wildlife

low

very strongly
acid
-medium acid
Slightly acid

woodland

Northern Red Oak,
Eastern White Pine,
Sugar Maple

woodland
wildlife,
openland
wildlife

wetland
wildlife

woodland
wildlife,
openland
wildlife

wetland
wildlife

openland
wildlife

UD
Udorthents

Ur
UrS
7’’ very dark brown sandy loam

Walpole

Wa

12’’ light brownish graysandy loam
60’’ dark yellowish brown gravelly sand
grayish brown gravelly sand
3’’

Windsor

WgB

moderately
rapid
rapid
-very rapid

slow

very dark grayish brown loamy sand
gray loamy sand

26’’ dark yellowish brown loamy sand
yellowish brown loamy sand

rapid

medium

60’’ light brownish gray fine sand

25’’ dark yellowish brown fine sandy loam
yellowish brown fine sandy loam

moderate
-moderately
rapid

60’’ dark grayish brown firm sandy loam

slow

7’’ dark brown fine sandy loam

Woodbridge

60

WhA

slow

moderate

very strongly
acid
-medium acid

suited to trees

suited to trees

droughtiness

cleared out,
farmland

Northern Red Oak,
Eastern White Pine,
Sugar Maple,
White Ash, Black birch,
European Larch
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Site Transect I: Industrial Belt on Olneyville

MU
PD

MU

HkD

UD

UD

Ur
WS

HkD

Ur
W
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Site Transect II: Waterfront Industrial Belt

UD

UD

WS
MU
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Plant Communities on Different Soil

66

As cities grew, residential areas formed on either side

As cities grew, residential areas formed on either side

As cities grew, residential areas formed on either side

of the industrial belt, and multiple institutes emerged in

of the industrial belt, and multiple institutes emerged in

of the industrial belt, and multiple institutes emerged in

residential areas.

residential areas.

residential areas.
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Case Study

Case Study IV
“PROCESS RATHER THAN SITE PLAN”
Michel Desvigne focuses on the process of realizing an ideal space,
rather than on a plan that deviates from reality. Trees grow over
time and compete for space. As a result, trees often fail to maintain
their initial density. Michel Desvigne would artificially intervene the
density of trees to meet the canopy size and spatial requirements.
At the same time, many of his projects have nursery tree fields. My
guess is that he is using these nurseries to manage the removed
trees or the trees that need to be added to the site. Such a
management method could maximize the biomass in different time
periods, which is both good for soil remediation and carbon dioxide
removal. The removed trees can be transplanted, sold, once they do
not have deep taproot, which makes trees difficult to transplant, and
as well can be harvested for timber.

[a] PROCESS RATHER THAN SITE PLAN: MDP. PROCESS RATHER THAN SITE PLAN | MDP. (n.d.). http://
micheldesvignepaysagiste.com/en/process-rather-site-plan.
68

69

Negative Carbon Growth in the Atmosphere

Plant Strategy on Barren Soil

Pioneer Tree

Shade-tolerant Tree

Evergreen Tree

Ground Cover

Deciduous Tree

Phase I

Phase II

Phase III

Phase IV

1. To plant pioneer species and evergreens

1. To replace some pioneer species with

1. To introduce some shade-tolerant tree

densely at the early phase.

longlive deciduous tree saplings as the soil

species to fill the understory and shrub

1. The ideal reforestation and open space
will take shape.

2. Future open spaces will be planted with

gets enough organic matter.

layer.

pioneer species as well.

2. Pioneer species are removed once the
space is occupied as extra open spaces.

70

71

Negative Carbon Growth in the Atmosphere

Plant Strategy on Contaminated Soil

Pioneer Tree

Shade-tolerant Tree

Evergreen Tree

Ground Cover

Deciduous Tree

Soil Capping

Phase I

Phase II

Phase III

Phase IV

1. Based on the barren soil plant strategy,
the open spaces on contaminated soil will
be covered with clean soil if it is occupied at
the early phase.

1. To replace some pioneer species with

1. To introduce some shade-tolerant tree

longlive deciduous tree saplings as the

species to fill the understory and shrub

1. The ideal reforestation and open space
will take shape.

soil gets enough organic matter except for

layer.

future open spaces.

2. Pioneer species are removed from the
future open spaces, while the former open
spaces will be replaced by trees.
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Site Analysis
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Framework for

Gradient
To have the gradient from built-up
area to the rewildering area with
different function.

76

Connectivity
To enhance the connectivity
beyond the ridges to alleviate the
segregation.

Integration
To introduce different activity based
on both its site conditions and its
surrounding community conditions.
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Site Plan

C’

C

A’
B

B’

A
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Section A-A’
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Section B-B’
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Section C-C’

84

85

Negative Carbon Growth in the Atmosphere

Nursery Perspective

The nursery could include multiple species
rather than a single one, which makes
it not only function as different plant
communities with ecological effect but
also bring a lot of economic benefits.
Those valuable vacated historic plants
and mills can be converted into nursery
management facilities for harvesting,
transplanting, and selling trees or timber.
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Conclusion

I think it is a great honor for me to combine carbon sequestration,

means to remove or balance carbon emissions, landscape architects

plant photosynthesis should be combined, the planting pattern and

a current hot topic, with landscape architecture in the thesis

should rethink the structure of cities and the relationship between

spatial form that can maximize the carbon sequestration ability should be

research and design process. At the moment, the most reliable

cities and forests.

considered from the perspective of sunlight, moisture and topography.

and cost-effective way to sequester carbon is through biological

When zoomed into the specific site, the design process derived

In addition, in the final stage, there was no study on the method of

communities, instead of technology. And landscape architecture

from the analysis of the natural conditions of the site, and studied

calculating the carbon sequestration capacity of the trees in the specific

is exactly a subject tackling biological community, ecosystem, and

the characteristics of the soil, the suitable plant species, and how

site, so it was not possible to determine how much carbon sequestration

social life, which plays an important role between man and nature.

to grow as much biomass as possible within the limited conditions

capacity the site would have, and thus hard to demonstrate the feasibility

Therefore, landscape architecture is very suitable to intervene in this

of the site. At this stage, I also deeply realized how great the

of the planting typology. It will be the problem that I keep digging into

problem. And I think carbon sequestration is another environmental

influence of such a volume’s reforestation network implanted into

and improving in the next stage.

significance of this field.

the city was. How to integrate it into the city became another

Based on the critique of the lack of quantitative calculatoraltion in

focus of this phase. I discussed how to integrate the reforestation

most current carbon sequestration landscape projects, the thesis

which functions as green infrastructure with the historical industrial

begins with giving a macro understanding of the carbon emissions

legacies, with the future city characters, and with the current urban

we are facing. In Providence, for example, 80% of the city’s carbon

life. I tried to introduce social life within the spaces between trees

emissions are supposed to be eliminated by 2050 through energy

that maintain ecological functions, so that people and nature can

restructuring and carbon sequestering technology according to

coexist in harmony within the city.

its emissions reduction target. However, the remaining 20 percent

In my opinion, the weakness of the whole thesis lies in that the

would still need to be balanced by such a large reforestation

design of the last chapter only focuses on representative site

network in cities. This means that the carbon sequestration capacity

conditions such as terrain, soil, water salinity, flood area, etc., and

currently provided by many landscape projects is far from sufficient.

lacks the process of discussing plant community morphology from

Therefore, I believe that if there is no other economical and reliable

the perspective of carbon sequestration. Perhaps the principle of
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